Objective To develop a scoring system to measure physical morbidity in critical care -the Chelsea Critical Care Physical Assessment Tool (CPAx). Method The development process was iterative involving content validity indices (CVI), a focus group and an observational study of 33 patients to test construct validity against the Medical Research Council score for muscle strength, peak cough flow, Australian Therapy Outcome Measures score, Glasgow Coma Scale score, Bloomsbury sedation score, Sequential Organ Failure Assessment score, Short Form 36 (SF-36) score, days of mechanical ventilation and inter-rater reliability. Participants Trauma and general critical care patients from two London teaching hospitals. Results Users of the CPAx felt that it possessed content validity, giving a final CVI of 1.00 (P < 0.05). Construct validation data showed moderate to strong significant correlations between the CPAx score and all secondary measures, apart from the mental component of the SF-36 which demonstrated weak correlation with the CPAx score (r = 0.024, P = 0.720). Reliability testing showed internal consistency of α = 0.798 and inter-rater reliability of κ = 0.988 (95% confidence interval 0.791 to 1.000) between five raters. Conclusion This pilot work supports proof of concept of the CPAx as a measure of physical morbidity in the critical care population, and is a cogent argument for further investigation of the scoring system.
Introduction
Critical illness frequently results in impaired neuromuscular function and hence debilitation [1] [2] [3] [4] . This phenomenon is commonly known as intensive care unit acquired weakness (ICU-AW).
In March 2009, the UK National Institute for Health and Clinical Excellence (NICE) introduced Clinical Guideline 83 (CG83), entitled 'Rehabilitation after critical illness', which aims to optimise the management of ICU-AW [5] . It physical morbidity. Only one research article [6] was considered to be sufficiently scientifically robust for inclusion; this looked at the Rivermead Motor Index and even this 'should be interpreted with caution due to its ill-defined inclusion criteria and small population'. The lack of a validated assessment tool poses a significant obstacle to the practical application of CG83, preventing its implementation in a standardised manner at a national level. Further implications include the lack of an objective marker for standardisation of patient management and health economic assessment. It also has implications in the research setting.
The most commonly accepted scoring system for the assessment of muscle function is the Medical Research Council (MRC) score for muscle strength [7] . This score looks solely at strength, and as patients may learn to be functional in the absence of strength, its generalisability and validity for measuring physical morbidity is questionable. More importantly, it is time consuming and relies on a degree of co-operation and cognitive function. From the patient perspective, it may be considered relatively abstract and difficult to interpret. Other measures that have been trialled, such as the Barthel Index and the Functional Independence Measure, lack sensitivity in patients with low levels of function, and/or they have not been validated or reliability tested in a critically ill population [8, 9] .
The most realistic attempts to address the lack of validated assessment tools in critical care are the Physical Functional ICU Test (PFIT) [10] and the University of Rochester Acute Care Evaluation (URACE) [11] . The PFIT relies on the patient being able to stand up from a chair and march on the spot. These tasks may be difficult for patients in the acute phases of critical illness, and published results only exist for a very small sample size (n = 13). The URACE is a scoring system that grades people's independence with bed mobility, transfers (bed to chair), locomotion and stairs. It has not been tested for reliability and validity, and no patient data have been published to date. It was also developed with input from clinicians at a single hospital site in the USA; thus, its generalisability is questionable.
There is an obvious and urgent need for a practical, holistic and reproducible bedside measure of physical morbidity. This could facilitate patient assessment, highlighting problem areas and guiding rehabilitation; help to monitor progress; and form an objective measurement that is intelligible between clinical specialties and service users.
The aim of this pilot study was to develop a bedside scoring system to grade physical morbidity in the critical care population -the Chelsea Critical Care Physical Assessment Tool (CPAx).
Methods
This study involved several stages. For clarity, this paper is presented with the method followed by the results for each stage in order of completion.
The CPAx was developed using a pragmatic iterative process recommended by Streiner and Norman [12] and mimicking a modified Delphi technique (Fig. 1 , see online supplementary material). The final version of the CPAx is shown in Appendix 1.
Supplementary material related to this article found, in the online version, at doi:10.1016/j.physio.2012.01.003.
Stage 1. Initial development of the CPAx
The CPAx was initially designed as a pictorial composite of 10 commonly assessed components of physical ability, each graded on a six-point Guttman scale from complete dependence to independence. The initial working draft was reviewed internally by clinicians (medics, nurses and therapists), and trialled informally within the critical care unit (CCU). The feedback was used to modify the CPAx draft. This was repeated seven times to produce a final working version.
Stage 2. Focus group
The next stage was a focus group with a purposive sample of seven [including six clinical specialist/lead (Band 8a)] physiotherapists in critical care and acute rehabilitation from four London hospitals and the primary developer. A Band 8a physiotherapist has highly developed specialist knowledge and skills, and leads in a specialist clinical area, clinical audit and research [13] . In total, the participants had 87 years of postgraduate experience, one postgraduate certificate, three master's degrees, and one PhD in progress.
The aim of the focus group was to further develop the CPAx and assess its face and content validity. The focus group was recorded and transcribed verbatim, and the principles of thematic content analysis were applied to justify subsequent changes. Table 1 summarises the focus group transcript, listing and justifying the components of the CPAx.
Prior to the focus group, attendees reviewed the CPAx and completed a Likert scale questionnaire to establish a content validity index (CVI) [14, 15] ; a measure of the proportion of experts endorsing the CPAx (Appendix 2, see online supplementary material). Each question was scored out of four, and a score of three or more for each component indicated that the expert endorsed that component. The CVI was equated by dividing the number of experts endorsing the tool by the total number of experts. It was piloted on one physiotherapist, whose data were not included in the study results. Following the focus group, the CVI questionnaire was repeated with reference to the modified version of the CPAx, which was used as a method of respondent validation and considered the outcome of the focus group.
Supplementary material related to this article found, in the online version, at doi:10.1016/j.physio.2012.01.003. Grip strength has been shown to accurately reflect whole-body strength and has also been used as a diagnostic tool for ICU-AW [19] ICU-AW, intensive care unit acquired weakness.
Stage 2. Results
The pre focus group CVI was 0.67 (P > 0.05) and the post focus group CVI was 0.83 (P < 0.05), indicating that the CPAx was considered, by a small number of specialist clinicians, to be content valid.
Stage 3. CVI questionnaire
To further explore the content validity of the CPAx, it was distributed for use across three UK teaching hospitals. Following a minimum 3-month trial, the CVI questionnaire was sent out to all physiotherapists who had been using the tool regularly (n = 14); clinicians included in the development of the tool were excluded.
Stage 3. Results
Fourteen clinicians responded to the questionnaire and all of them rated the tool as content valid, giving a final CVI of 1.00 (P < 0.05).
Stage 4. Observational cohort study

Study design
This was a prospective cohort study of general and trauma CCU patients admitted to Chelsea and Westminster NHS Foundation Trust and the Royal London Hospital NHS Trust between June and August 2010. Following recruitment, all participants were assessed by a physiotherapist who used the CPAx on admission, discharge and every Monday, Wednesday and Friday for the duration of their CCU stay. One retrospective CPAx score was collected as a measure of premorbid physical level (this excluded the grip strength component). The scores were blinded to the researcher who collected further data (listed below) to test the construct validity of the CPAx. These measures were taken on the same day as each CPAx score: 
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• Sequential Organ Failure Assessment (SOFA) score;
• Bloomsbury sedation scale (scores −3 to 1);
• Glasgow Coma Scale (GCS) score;
• Number of days of mechanical ventilation; and • Short Form 36 (SF-36) score.
As all of the above measures were taken by the researcher, no inter-rater reliability testing was required.
Construct validation
A series of null hypotheses were constructed to ascertain correlations between the CPAx and other variables measuring the 'physical morbidity' construct.
Peak cough flow. Peak cough flow was compared with the cough component of the CPAx, as it is an objective measure of cough strength [16] . Patients that could be disconnected from the ventilator (as determined by the clinical team) had their peak cough flow measured using either a calibrated Vitalograph Spirometer 2120 (Vitalograph, Buckingham, UK) or a calibrated Microplus Spirometer (Micro Medical Ltd, Cardinal Health, Basingstoke, UK). Due to infection policy and financial reasons, it was not possible to standardise equipment between sites.
If the patient could not be disconnected from the ventilator, the expiratory flow wave form on the ventilator was used to measure peak cough flow. An Evita XL ventilator (Dräger, Telford, PA, USA) was used at the lead site, and an Engstrom Carestation ventilator (GE Healthcare, Hatfield, UK) was used at the second site.
Peak cough flow was measured in a standardised seated position (i.e. 90 • of knee flexion and hip flexion). Patients were given one practice trial followed by one measurement per session. All measurements were taken during spontaneous coughing. If it was clinically inappropriate to measure peak cough flow, the measurement was not taken. It is accepted that the validity of the peak cough flow measurement may be affected by different assessment techniques.
The remaining measures were compared with the total CPAx score.
AusTOMs score. The AusTOMs is a generic Australian therapy outcome measure [17, 18] that grades patients on a Guttman scale (0 to 5) from complete dependence to independence. To standardise the measurements, the activity limitation and impairment sections of both the balance and postural control component and the musculoskeletal component of the AusTOMs were chosen for assessment.
The AusTOMs comparator was selected because it was being used at both sites already, and is a simple measure that can be graded easily by the researcher. The physiotherapy section of the AusTOMs has also demonstrated both face and content validity [17] .
Quadriceps and biceps muscle strength (MRC score).
The MRC score is a six-point scoring system (0 to 5) that grades muscle function from no muscle activity to full strength. The MRC score was selected as it is one of the most common objective measurement scales used by physiotherapists on the CCU, as well as a diagnostic tool for ICU-AW [19] . Biceps and quadriceps muscle strength were chosen as they are key anti-gravity muscles necessary for functional tasks, and completing a whole-body strength test would have been impractical [19, 20] . For analysis, these scores were compared in isolation and as a total out of 20.
The measurements were taken in a seated position (either in the electric bed or in the chair). Participants were asked to resist the researcher from moving the limb. The limb was then graded on the scale, and data were recorded. If the participant was unable to follow commands, no score was given; however, if they were sedated, they scored 0.
SOFA score. The SOFA score was chosen as a comparator as greater acuity of illness means a greater likelihood of prolonged bed rest, and possibly more sedation and neuromuscular blocking agents, increasing the risk of ICU-AW [2, 4] .
GCS and Bloomsbury sedation scale scores. The CPAx was developed to be responsive from complete dependence to independence, and thus needed to be validated throughout its entirety. Other scores of physical morbidity have a significant floor effect in the CCU population, and therefore would be poor comparators to the CPAx in the low-functioning patient. As a result, both GCS and sedation scores were selected as comparators. It was anticipated that both the GCS and sedation scores would only be comparable with the CPAx at the lower end of the CPAx scale. Sedation scores of 1 to −3 were chosen to allow correlation analysis by ensuring a linear relationship between the two measures.
Number of days of mechanical ventilation.
A longer time on mechanical ventilation is associated with poorer functional outcome from critical illness [21] . Therefore, length of time on mechanical ventilation was compared with the CCU discharge CPAx score.
SF-36 score. The SF-36 is a validated health-related quality-of-life questionnaire [22] . It is separated into two components: physical and mental. SF-36 scores were collected to compare with the pre-admission CPAx scores. Furthermore, as recovery from critical illness is associated with pre-admission health status [23, 24] , the SF-36 score was also compared with the CCU discharge CPAx score.
All statistical analyses were performed using Statistical Package for the Social Sciences Version 16.0 (SPSS, IBM Corporation, NY, USA). Spearman's rank correlation coefficient was used to analyse the construct validity of the CPAx against the MRC score, SOFA score, AusTOMs score, sedation score, GCS score and peak cough flow, as data were skewed. One randomly selected time point for each participant was used in the correlation analysis, giving a total of Inter-rater reliability Five physiotherapists each assessed three patients selected at random. The patient's lead physiotherapist carried out the assessment, which was observed by four other physiotherapists. The lead physiotherapist did not verbalise any of their assessment to the observers. Each physiotherapist then scored the patient in isolation. All assessors were blinded to the other scores. Intraclass correlation coefficients between each component of the CPAx, as well as the total score, were equated. Diagnosis, medication, age, past medical history, APACHE II scores and outcome data were collected for demographic purposes.
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Study population
A sample size calculation was completed for a Pearson's correlation with a two-sided test, alpha = 0.05 and a power of 80% (1 − β). At least 26 participants were required to find a statistically significant correlation of above 0.5 between MRC score and CPAx score. Thirty-three participants were recruited to account for attrition.
Exclusion criteria
The purpose of the CPAx score was to fill the void in the assessment of CCU patients in conjunction with NICE CG83, which is aimed at patients who do not fall under specialist rehabilitation services. Therefore, cardiothoracic and burns patients, and patients admitted with a focal neurology causing functional deficit were excluded. The remaining exclusion criteria were: expected length of stay <48 h (to eliminate routine postoperative admissions), unable to achieve consent, pregnancy, and if it was deemed inappropriate by the clinical team.
Stage 4. Results
Participant characteristics
Seventy-six patients were identified for recruitment into the study. Forty-three prospective participants either declined, died, transferred out of the unit, or their clinical picture changed making them inappropriate for the study. Thirty-three participants were recruited. Participant attrition and the consent procedure is displayed in Fig. 2 (see  online supplementary material) . The baseline demographics for these participants are shown in Table 2 (see online supplementary material).
Construct validity
One hundred and ninety-two CPAx scores were collected, with a mean of six scores per patient. Peak cough flow was measured successfully on 58% of occasions (n = 82). Reasons for not measuring peak cough flow were unable to cough, sedated, on high-frequency oscillatory ventilation or refusal. MRC score was measured successfully on 80% of occasions (n = 129). Reasons for not measuring MRC score were inability to follow commands/drowsiness or refusal. All other measures were recorded successfully.
Spearman's rank correlation coefficient analysis demonstrated moderate to strong significant positive correlations between the CPAx score and the MRC score, GCS score, sedation score −3 to 1, peak cough flow and AusTOMs score. There was a significant positive correlation between pre-admission CPAx score/CCU discharge CPAx score, and the physical component of the SF-36, but no correlation with the mental component of the SF-36. There was a significant negative correlation between CPAx score and SOFA score, and CCU discharge CPAx score and the number of days of mechanical ventilation. A summary of these statistics is presented in Table 3 .
Reliability
Inter-rater reliability and internal consistency (Cronbach's alpha) were strong at κ = 0.988 (95% confidence interval 0.791 to 1.000; P < 0.01) and α = 0.798, respectively. A summary of the intraclass correlation coefficients for inter-rater reliability is presented in Table 4 (see online supplementary material).
Discussion
The CPAx score demonstrated moderate to strong significant positive correlations with GCS score, sedation score (−3 to 1), muscle strength, AusTOMs score, SF-36 (physical component) score and peak cough flow. It also demonstrated a significant negative correlation with SOFA score and the number of days of mechanical ventilation. These results combined suggest validity in the assessment of overall physical morbidity.
Equally importantly, the CPAx score has been endorsed by physiotherapists reviewing and using the tool clinically, and has been shown to have good inter-rater reliability, albeit in a small number of patients. Internal consistency is strong, suggesting that the CPAx can be used consistently with minimal observer error by physiotherapists of varied experience. However, reliability testing in a larger sample would be beneficial.
The CPAx assesses (directly or indirectly) all of the components of physical morbidity identified as important by a panel of experts. This tool is unique in its inclusion of respiratory domains. In the critically ill, respiratory function and, in particular, weaning from mechanical ventilation is an important component of early rehabilitation [25] . The CPAx allows holistic assessment in the critically ill population, but also helps to limit any floor effect, as observed in other tools of this nature (e.g. the Barthel Index). The authors believe that the CPAx possesses some of the essential psychometric properties of a measurement scale.
There has been no attempt to weight the components of the CPAx. Weighting would make the CPAx psychometrically stronger, but at the expense of simple, quick administration and hence clinical utility. A psychometrically strong assessment that is never used due to complex administration is futile. Furthermore, as the CPAx spans the continuum from dependence to independence, the importance of each component will differ depending on the recovery stage. What is clinically significant in the acute stages of illness will differ with rehabilitation stage. Therefore, weighting would be difficult, if not impossible. The consequence is that the CPAx is appropriately regarded as an ordinal scale.
Limitations
In this report, the sample size is limited, both in the focus group and the cohort study. There was an insignificant correlation between CPAx score and the mental component of the SF-36. As the CPAx is designed to assess physical morbidity, the non-significant correlation with mental health status is unsurprising.
The CPAx was developed in London, so generalisability may be limited. Further assessment in other centres is required, but it is thought unlikely that the components of the tool would be substantially different elsewhere. This is a pilot study completed as part of a master's degree; as such, it was confined by time and finances.
Conclusion
This preliminary work demonstrates proof of concept of the CPAx. As a pilot study, it provides a cogent argument for investigating this assessment system further in large multicentre studies. Future work should focus on clinician and patient perceptions of the CPAx, further reliability testing, expert review of the CPAx, and predictive validity for hospital outcome. 
Appendix 1a. The Chelsea Critical Care Physical Assessment Tool
